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We provide a new electromagnetic mass model admitting Chaplygin gas equation of state. We 
investigate three specializations, the first characterized by a vanishing effective pressure, the second 
provided with a constant efTective density and the third is described by a constant effective pressure 
po- For these specializations two particular cases are discussed: (1) crea" = ao, and (2) ae^ = eror*, 
where a, cro, A and s represent the charge density of the spherical distribution, charge density at the 
center of the system, metric potential and a constant, respectively. In addition, for specialization I, 
case I we found isotropic coordinate as well as Kretschmann scalar, and for specialization IH, case 
II two special scenarios have been studied. 
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I. INTRODUCTION 

It is well known in literature that electron, modelled 
as a spherically symmetric charged distribution of mat- 
ter contains negative energy density. That means elec- 
tron contains exotic matter. It is still unknown, exotic 
matter will follow what type of EOS. So scientific commu- 
nity uses several type of EOS ( namely, Phantom energy, 
Tracker field, Quintessence , Chaplygin gas EOS ete. ). 
We describe this exotic nature by Chaplygin gas EOS and 
looking forward for a better model of electron. In this 
way, we want to extend our previous work [l[ concern- 
ing a electromagnetic mass model admitting conformal 
motion, and study several toy models of electrons. 

Chaplygin gas model [1, d, 01 is characterized by a 
negative pressure and is a perfect fluid with the equation 
of state p — with A> Q, p and p the fluid pressure 
and matter-energy density, respectively in co-moving ref- 
erence frame. The cosmological models of the Chaplygin 
class are able to describe the transition from a decel- 
erated expansion of the universe to the present stage, 
which is characterized by cosmic acceleration. Moreover, 
the FRW universe filled with a Chaplygin gas has been 
studied @, and we notice that some theoretical devel- 
opments of the model have been performed 0, H Q ■ 
Also, vcry interesting is the generalized Chaplygin gas 
Q which is characterized by two free parameters A and 
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a, with an equation of state for a barotropic fluid given 
hy p = O < o; < 1, where the case a = 1 turns 

in the original Chaplygin gas model. Moreover, the 
generalized Chaplygin gas yields a description of dark 
matter and dark energy. An extended case is repre- 
sented by the combination of Chaplygin gas model and 
the dust-like matter [9|. Further, the Chaplygin gas 
is the simplest model within the class of tachyon cos- 
mological models A lot of work has been done 
for comparing the Chaplygin model predictions to the 
observational data picked up from supernova observa- 
tions, cosmic microwave background radiation, etc. In 
recent time, Chaplygiri gas EOS has become very popu- 

lar [H [11 [H, H, M, M, 11, as, aa, m iH, El, ia, m, 

and can be consider the initial point for fascinating sce- 
narios of the evolution of the universe. 

Our aim is to provide several new toy electron gas 
models of electron, and in this view we have considered 
a static spherically symmetric charged perfect fluid and 
investigated three specializations: (1) effective pressure 
Pr{ef fective) — Snp — = O and here we discuss two 
cases, (I) (76 2" — cTo and (II) ae^ — aor^; (2) effective 
density p{ef fective) = Snp + E'^ — constant = pq with 
the cases (I) ae^ = <Jq and (II) ae^ = cror^, and (III) ef- 
fective pressure pr {e f fective) — Snp — E'^ = constant = 
Pq with the same two particular cases (I) ae^ — cro a-nd 
(II) ae^ = aor" . Here p, p and a represent the fluid 
pressure, usual matter density and charge density of the 
spherical distribution. The paper is organized as foUows: 
in Section 2 the basic equations involved in our calcula- 
tions are presented, in Section 3 the details of the cal- 
culations and the three specializations of the model with 
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their particular cascs arc givcn. Scction 4 is dcvoted to 
a summary of the results and concluding remarks. 



III. CHAPLYGIN GAS MODELS AND SPECIAL 

CASES 



II. EINSTEIN-MAXWELL FIELD EQUATIONS 
AND DETAILS OF THE MODEL 



Now WC providc several toy models of electrons. 
Specialization I 
Ccise - I: 



The starting point for performing our investigations 
arc thc Einstcin-Maxwcll ficld cquations and the elec- 
tromagnetic tensor field for perfect fluid, which com- 
bined with an appropriate specific exotic equation of 
statc (EOS) provide thc basic cquations used for elab- 
orating a new Chaplygin clectron gas model. 

Let us consider thc clcctromagnetic tensor field (EMT) 
for perfect fluid which is 



Tik = (p + p)uiUk +pgik, 



(1) 



with p the matter density, p the fluid prcssure and Uj the 
velocity four-vector of a fluid element (u^m* = 1). 

Furthcr, wc also havc thc static spherically symmetric 
space-time which is takcn as 



+ r^{de^ + sin^edcf)^), (2) 



where the functions of radial coordinate r, v{r) and A(r) 
represents the metric potentials. 

In this context, the Einstein Maxwell field equations 

are 



+ ■ 



Sttp + E'" 



(3) 
(4) 



{u') 



'\2 



_ „_AV 
2 2 r 



= 8ttp + E^. (5) 



where p, p and E{r) rcprcscnt fluid prcssure, matter- 
energy density and electric field, respectively. 
From eq. (3) we obtain 



2M(r) 



and the electric field can bc cxpressed 



{r'^E)' = 47rr^cre2 , 



(6) 



(7) 



Equation (7) can be also cquivalently written in the form 

'^'\ (8) 



E{r) = — inr'^ae^dr = 



where q{r) represents the total charge of the sphere under 
consideration. 

Here the EOS is taken as a perfect fluid described by 
the equation of state 

. = -4, (9) 

whcrc A > O, with negative pressure, which corresponds 
to the Chaplygin gas. 



cre 2 = cTo 

( (7o ia an arbitrary constant ). 
Here we assume: 

Pr{ef fective) = Snp — E'^ = O, 



(10) 



(11) 



Now using equations (3)-(9), we get the foUowing so- 
lutions as 



E{r) = yO-o?", 



/ X 47r 3 
Q{r) = Y<^or , 



27r 2 2 



9A 



z/ = 21n[-81A + 47rVor*], 



= 1 - 



2M(r) 



where, 



18^ 8n^a^ . 
al 45 



(12) 
(13) 
(14) 
(15) 
(16) 
(17) 

(18) 



Here one can note that, p + p > O (energy condition, 
limiting case is for equality with zero) implies 



a = r > 



81^ 



and 

p + p < O implies 



a = r < 



SIA 



(19) 



47r2o-^ 



(20) 



Thus A is restricted due to energy condition. Prom 

the expression p = —j^^r^ observc that the WEC 
is violated, only the limiting condition being satisfied for 
r — > oo. 

We also see that thc Krctschmann scalar R^vaijR^""^ 
becomes infinity as r ^ 0. 
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The assumption of constant charge density can lead to 
some particular cases. The central pressure of the fluid 
sphere po is zero and 87rp — E^. From eqs. (12)-(17) 
it results that a vanishing value of the electric charge q 
imphes a zero value for ao (cr), and moreover the inten- 
sity of the electric field and fluid pressure vanish due to 
a vanishing charge. Also, this means that we get a new 
value for the metric potential v and = O becomes a 
singularity point for the matter density p, and for the 
active gravitational mass M (r). We notice that the fluid 
pressure is positive with p ^ and the matter density 
p has got negative values and behaviour. The limit 
r — > oo combined with a non-zero value of uo signifies 
a vanishing value for the matter density p, and infin- 
ity values for all physical parameters that appear in eqs. 
(12)-(14) and (16)-(18). For a radius shrinking to the 
center E (r), q{r), p and M (r) vanish, and p becomes in- 
finite. In Fig. 1, Fig.2, Fig.3 and Fig.4 we plot p, p, 
and Al (r) against r parameter. 

To match interior metric with the exterior (Reissner- 
Nordstrom) metric, we impose only the continuity of gu, 
grr and ^§^, across a surface, S at r = a 

1- — + ^ = [-81A + 47rVoVf, (21) 
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+ + (22) 

a a-' (75 45 

!^ _ ^ ^ 167rV^a3[-81A + 'iir^a^^a^ (23) 



From, the above three equations, one could find the 
values of the unknowns A and crp, _po, Po ( which of them 
are occurred in the cases) in terms of mass, charge and 
radius of the spherically symmetric charged objects i. e. 
electron. 

Now, we rewrite our new interior metric in isotropic 
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coordinate as 
cis^ = -e^df + [x{R)f 
Comparing this with oiir metric (2), one can get 



+R^{de^ + sin^9d(f)^) 



dr^ 



x'dR' 



(24) 

(25) 
(26) 



^0 45 

The above two equations yield 
2 _ 2aR~^ 



2 •> 



2aR^P' 



l + R"^ 
here, — 45('^o+36^) p _ 



(27) 



(28) 



2. 1+' 



Hence, finally, the metric takes the form 

2' 



as ds^ 



2\1 



de 



In isotropic coordinate system the coordinate singular- 

45(1+^) J 

ity at r = ( 1577^^^ )^ been avoided. We obtain a 



new metric with metric potentials depending on A, cro 
and R parameter. 
Case - II: 



(76 2 = (j^^r 

(cto and s are arbitrary constants ) 
Here we assume, 



(29) 



Pr{ef fective) = Snp — = constant = 0. (30) 

Now using equations (3)-(8) and (17) we get the fol- 
lowing Solutions as 



E{r) 



47r(7i 



(s + 3) 



air) = i!I^r«+3 
(s + 3) ' 



_ 27rag 2s+2 
^"(5 + 3)2'^ ' 

A{s + 3f 



{s + l) 



■In 



-A- 



(s + 3)4 



where, 



2(s + 3)2yl „ 
M(r) = , r~^"+^- 



(31) 
(32) 

(33) 

(34) 

(35) 

(36) 



{2s - l)(7o^ 
87r2(7§ 
(s + 3)2(2s + 5)' 



-r 



2.S+5 



(37) 



Here one can note that, p + p > O (energy condition, 
limiting case is for equahty with zero) impUes 



a = r > 



{s + ifA 



4^V^ 



and p + p < O implies 



a = r < 



{s + ifA 



(38) 



(39) 



The expression p — — j^^^t^fst yields only the limiting 
case of WEC for s = — 3 or r — > 00 (for s > —1). 

Some remarks are needed. A zero value for cto impHes 
vanishing values for the intensity of the electric field, elec- 
tric charge and fluid pressure, a modified value of the 
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metric potential and is a singularity for the matter 
density p, and active gravitational mass M {r). For 
s = — 3 we get a vanishing value for p and and infinity 
values for E{r), q{r), p, v, and M{r). Concern- 
ing the values s — s — ^ and s — these rep- 
rescnt singularity points for the metric potential v and 
for the gravitational mass. We observe that the param- 
eters E{r), q{r), p, p, v and M(r) have got variations 
with r^+i, r''+3, r2^+2, l/r^^-i-^ ln(r4«+4), r'^^+i and 
^2s+5^ respectively. The value s = O leads to the case 
I. At the center of the spherical system E[r), q{r) and 
p vanish, the matter density tends to infinity with re- 
spect s > — 1 and the active gravitational mass becomes 
infinity for s > ^• 

The plots in Fig.5, Fig.6, Fig.7 and Fig.8 display p, p, 
e^^ and M(r) against r parameter for s = 0.4. 

Thus A is restricted due to energy condition. To match 
interior metric with the exterior (Reissner-Nordstrom) 
metric, we impose only the continuity oi gtt, grr and 
across a surface, S at r = a 



(40) 



2m 
a 



91 = 1- 

2 



(s + 3)2(2s + 5) 



(41) 
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These equations yield the values of A and cto, Po: Po ( 
which of them are occurred in the cases) in terms of mass, 
charge and radius of the spherically symmetric charged 
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objects i. e. electron. 
Specialization II 

Here we assume, 

p{ef fective) — Sirp + E'^ = constant = po- 
Case - I: 

tre 2 — ao 

( ao ia an arbitrary constant ) 
Here, the solutions are 



1 



16^2 



= 21n 



[Po 



1677^ 



64^7r2 



[Po 



where, 



M(r) 



2M{r) 



6 



(43) 
(44) 

(45) 
(46) 

(47) 

(48) 
(49) 



We notice that for Sirp = —E^ the constant effective 
density term po vanishes. This implies that the mat- 
ter density p and fluid pressure p have new expressions 



p — — ^CTo^^ and p = ■ "^^^ matter density p 

is negative and the fluid pressure p takes positive values 
according to the parameters A, ao and r, respectively. 
Further, the metric potential v has a new expression 
and the gravitational mass M{r) vanishes. This imphes 
e^'^ = 1 and determines a changing in the metric given 
by (2) where the g^r component becomes constant. For 
Sirp —E^ the matter density p is positive and the fluid 
pressure p is negative with the condition po > ^^^a^r^. 
The negativity of the gravitational mass po < —^^^a^a? 

and energy density (p < O, po < ^^^a^a^) in the case 
of the electron is connected with the Reissner-Nordstrom 
repulsion. The case r — > O leads io p — -^po which is 



constant, v = 2hi 



takes negative values according to p 



and the fluid pressure 



- — , the same 
expressions as those obtained for ao — Q. Further, the 
quantity = 1 and M{r) is equal to zero. 

In Fig.9, Fig.lO, Fig.ll and Fig.l2 we have the graphs 



for Sttp, Snp, e 
From p = ■ 



-X 



and M{r) against r, respectively. 



Po 



167r" 2-.2 



it results that po ^ 



-i^crpr^ corresponds to WEC. Also, po - ^^^a^r^ > 
\/QA~An^ (energy condition, hmiting case is for equality 
with zero) or < V GAAn'^ . 
Case - II: 



aor 



(50) 



(cto and s are arbitrary constants ) Here we assume, 

p{ef fective) = 8np + E'^ = constant = po, (51) 
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Here, the solutions are 



1 

8^ 



Po 



(52) 



_ 167j_a^ 2s+2 
Po (s+3)2 ^ 



64^7r2 



Po 



fl. j,2s+2 



where, 



2M(r)^ 



(54) 



(55) 



(56) 



Here also for Sirp ~ —E"^ the constant effective den- 
sity term po vanishes and p, p, v and have finite 
values and the active gravitational mass is zero. With 
87rp ^ — -E^, as in the case I, for r = O all the physi- 
cal parameters given by eqs. (52)-(54) are nonzero finite 
quantities (the same as for crg = 0). For s = O we have 
the physical meaning of Case I. Also, e^^ = 1 and M(r) 
vanishes. For a non-vanishing po the fluid pressure is 
negative for po > 



(s4-3)2 



In Fig.13, Fig.l4, Fig.l5 and Fig.l6 we plot Sirp, 8np, 



e and M{r) against r for s — 0.05. 
From p = ^ 



{s+3) 



we notc that for 



Po > ^SsF''^'^^ satisficd. We have po - 

l^^^j,2s+2 y y/Q4An^ (energy condition, limiting case 
is for equality with zero) or < V 64 At:'^. 
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FIG. 16: 



Specialization III 
Case - I: 

X 

cre 2 = (7q 

( (7o ia an arbitrary constant ) Here we assume, 
Pr{ef fective) = Snp — = constant — po, 



(57) 



(58) 



Here, the solutions are 



Stt 



P 



167r2 
-Stt A 



[Po -I 9~"0' 

= 21n [-5184A7r2 + (9po + leTr^cr^r^)'^] , 



(59) 

(60) 
(61) 
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= 1 - 



2M(r) 



(62) 



where, 



M(r) = Air 



45 27ra^ 



9po ,„_i./l6^, 
9po 



(63) 



To match interior metric with the exterior (Reissner- g^r and ^§^, across a surface, S at r = 
Nordstrom) metric, we impose only the continuity of gtt. 



2m Q^ _ 
1 "f" ^ 

a 



'-blSAAn^ + {9po + WiT^a^a^fY 



(64) 



2to Q2 8 

1 + -^ = 1 X 

a a a 



2Trai . 9A 



45 



27rcr^ 



1671^2 



9po 



(65) 



7^ 



«3 



64(9po + 167rV^a2)7rV^a • [-5184^7r2 + (9po + IGir^cr^a^y] . 



(66) 



With the above three equations, one could determine the 
values of the unknowns A and ag, po, po expressed in 
terms of mass, charge and radius of the spherically sym- 
metric charged objects i. e. electron. 

At r = O, p, p, e'^ and e'^ are all nonzero finite quan- 
tities i. e. there is no singularity at r = 0. We point 
out that for Snp — the constant effective pressure 
Po vanishes. We found for the fluid pressure, matter 
density and M (r) the same expressions as for special- 
ization I, oase I. The metric potential v becomes v — 
21n [-5184A7r2 + [I^tt"^ alr'^f] . In the case Sirp ^ 
there is an upper Hmit for the value of po imposed by the 
condition of positivity of the gravitational mass. Forpo < 
— i^^crpr^ the fluid pressure takes negative values and 
the matter density is positive (WEC, p 7^ O no limiting 

WEC). The fluid pressure vanishes for po — —^^^a^r^. 



Here, p + p > or < O, imphes 

, 167r^, 
P0+ — 



> V 64:An'^ (energy condition, limiting 
case is for equality with zero) or < V dAAir"^. From the 
expression p = r it results the violation of 

the limiting case of WEC, condition which satisfied only 
for r — !■ 00. 

The plots from Fig.l7, Fig.18, Fig.l9 and Fig.20 dis- 
play Snp, Snp, e^^ and M{r) against r. 
Case - II: 
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FIG. 17: 



(76 2 



aor- 



(67) 



(cto and s are arbitrary constants) Here we assume, 

Pr{ef fective) = Snp — E^ = constant = po, (68) 
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Here, the solutions are 



PQ + T^r^'+^ 



-Sn A 



(69) 



P = 



P0 + 7J+3)t 



o„2s+2 



(70) 



M 




1 X 10 



4x 10 



6x10"'^ 8x10"" 1x10" 



-p_0 
-p_0 



10000 

1 

100000 



o =0.00003 16227766( 
1 



p_0 



1000000 



FIG. 20: 



+ 



■In 



-64y47r2+ 

/ leir^CT? 2s+2\' 
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(71) 
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(72) 



FIG. 19: 



where, 



M{r) = 



(2n + 3)(n + 2)2 



2A(n + 2)2 



'A . {2k 

k=l 



(2fc-l) , 
2n ' 



^sin 



(2fc-l) , 
2n ' 



2n£, 



O fc=l 



(2fc 

^ cos ■ 



l)p7r 



2n 



■ In 



2^r cos 



(2fc - 1) 
2n 



(73) 
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v = lTi\-6AATr'^ + {po + Tr^(7fy)^] , (76) 
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[here, O < rj < 2n and n = s + 1 > 0( positive 
mteger),e=i^±^,r, = 3] 

It can be observed that Snp = leads to a van- 
ishing value of the constant efFective pressure term po 
determining the corresponding expressions for p, p, v, 
and M (r) (Specialization I, case II). Moreover, p 
and p have got r^''+^ and l/r^'*+^ behaviour, respec- 
tively. For Sirp ^ the fluid pressure is negative for 

Po < ~ (s+3y° r"^"^^^ ■ Further, for s = —3 the model ex- 
hibits a singularity point for the fluid pressure p and 
the metric potential v, and the matter density p tends 
toward zero. The value s = — 1 is a singularity for 
i>. From p ~ . „~l r it results that there is 



.2-2 2 

O ^2s + 2 



no limiting case for WEC (only for r oo), but the 



matter density is positive for po < 



(s+3) 



^^2^+2^ AISO, 



Po 



l^^^^j,2s+2 ^ \/Q4An^ (energy condition, limiting 



case is for equality with zero) or < \/ GAAtt"^. 

In Fig.21, Fig.22, Fig.23 and Fig.24 we plot 87rp, 8np, 

and M(r) against r for s = 0.5. 
Subcase I s = 1 
We obtain 
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(77) 



-Stt A 



(75) 



where 
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M r = — r^r^ 2- <^ 

14 \ 4V2a 



•In 



- V2c 
+ V2c 



2V2c 



tan"i(l ^) - tan"i(l + 



(78) 
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For 8np = E'^ we get = O, p = f crgr^ and p = 

In the case Sirp ^ we notice that the pressure vanishes 
for pq = — TT^o'gr'* and is negative for po < — Tr^Cgr'*. 
Subcase II s = i 



We get 



Pa 



(3.5) 



-SttA 



2"^ 



P = 



„n -L 167r^ 2 3 



4, 

V = — m 
3 



-64^712 + {po + ^^ay)^ 



where 



, iTT^ay 49 , +/33. 



(79) 



(80) 



(81) 



(82) 



(83) 



We notice that for Snp = E^ we obtain p 



and p = 



(3.5)2 



For Snp 7^ E' the fluid pressure is 



(3.5)^ 

zero for pq = -(f^o-^r 

Po < —-^^ay . In this case, also, at r = O, there is no 



16tt „2^3 g^j^j takes negative values for 



singularity. 



IV. CONCLUDING REMARKS 

We have developed some new toy electron gas models, 
and for this we have considered a static sphericaUy sym- 
nictric charged perfect fluid with the EOS p = where 
yl > O, corresponding to the Chaplygin gas. For perform- 
ing the investigation our attention has been focused on 
three speciaUzations, each of them characterized by two 
particular cases. In addition, for specialization III, case 
II the scenarios for the particular values of the arbitrary 
constant s = 1 and s — have been analyzed. From our 
analysis we obtain the results: 

Specialization I: 

a) Case I: Assuming a vanishing value for the effective 
pressure Pr{ef fective) = O, we obtain that Snp — E^. 
The intensity of the electric field, fluid pressure and 
charge density ao (c) vanish due to a vanishing value 
of electric charge q. We get a new value for the met- 
ric potential v and cto = O is a singularity point for the 
matter density p, and for the active gravitational mass 
M (r). We point out that fluid pressure varies with re- 



spect of p ~ r and the matter density p has got a 1 /r 
behaviour. The limit r — s- cx) connected to a non-zero 
value of (To implies a zero value for the matter density 
p, and infinity values for all the other physical parame- 
ters. For this case we found isotropic coordinate as well 
as Kretschmann scalar, further the Kretschmann scalar 
Rfj.iyapR'^'^"^ becomes infinity as r ^ 0. 

b) Case II: In this case a vanishing value for cto deter- 
mines zero values for the intensity of the electric field, 
electric charge and fluid pressure, a modified value of 
the metric potential v, and represents a singularity point 
for the matter density p, and gravitational mass 
M (r). We observe that for the value s = O we obtain 
the Case I, for s = — 3 the matter density p vanishes 
and we get infinite values for E{r), q{r), p, v, M{r), and 
s = i, s = — I and s = — 1 become singularity points for 
the gravitational mass and metric potential v, respec- 
tively. In the limit r ^ O, E{r), q{r) and p vanish, the 
fluid pressure becomes infinity with respect s > —1 and 
the active gravitational mass become infinite for s > i. 
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For 



2(s+3)^4 



-2s+l _ _. 



(s+3)2(2s+5) 



J.2S+5 y^i^]^ corre- 



sponding s wc obtain m{a^ — - 



la ■ 



Specialization II: 

Casel: Prom 87rp + £^ = constant = po it results 
that for Snp = —E"^ the constant effective density term 
Pq is zero. With this condition, we obtain p = — ^cTgr^ 
and p = 2j'J^r2 ' respectively. The gravitational mass 
M (r) vanishcs, the mctric potential v has got a modi- 
fied expression, and the metric given by (2) contains a 
constant grr- In the case Sn p ^ —E'^ the matter density 
p bccomcs positive and the fluid prcssurc p is ncgativc 
with the condition po > ^^^-cr^r^ (compatible Chap- 
lygin gas). The total gravitational mass m(r = o) is 

m (a) = ^a"* H — ^ . The condition for obtaining a 
vanishing valuc for p is pa ~ E"^ . The negativity of the 



gravitational mass po < 



(T^r and energy density 



[p < O, Po < "'^^cTo'^^) in the case of the electron is con- 

ncctcd with the Rcissner-Nordstrom repulsion. At the 
centre of the spherical systcm wc gct p = -^Po, which 



is constant and v = 2ln 



The fluid prcs- 
(compati- 



sure becomes negative according to p 
blc Chaplygin gas), and this features is also obtained for 
ao =0. 

Casell: The constant effective density term po vanishes 
with respect of 87rp = —E^. The matter-energy density 

p, pressurc p, mctric potential ly and e^^ havc finitc val- 
ues and for the active gravitational mass we get a van- 
ishing value. For a radius shrinking to the center all 
the physical paramctcrs from cqs. (52)-(54) arc nonzero 
finitc quantitics (the same as for uo = 0) and the gravi- 
tational mass vanishcs. 
Specialization III: 



Case I: In the limit r ^ O wc obtain that p, p, e'^ and 
are all nonzero finite quantities i. e. thcrc is no singularity 
at the origin of the spherical system. For 8np = E"^ the 
constant effective pressure po vanishes. The case Svrp ^ 
E"^ admits an upper limit for the value of po imposed 
by the condition of positivity of the gravitational mass. 
The fluid pressure vanishes for po = — "'^^o-o''^ '^^ ^^r 
the combined conditions po = O {Sirp = E"^) and ao = 0. 
Further, the fluid pressure takes negative values for po < 



(compatible Chaplygin model). 



Case II: Note that from 87rp = E"^ we get a vanishing 
value of Po- For s = — 3 the model presents a singular- 
ity point for the fluid pressure p and the metric poten- 
tial v, with a vanishing value for the matter density p. 
The value s = — 1 represents a singularity for the mct- 
ric potential v. Wc obtain a negative valuc for the fluid 

pressure with respect po < — (^J^.^^^'i r^^^"^ (compatible 

Chaplygin model). Further, for po = — ^^^3^2 r^^"*"^ the 
fluid pressure vanishes. The value s = O corresponds 
to the Case I. Studying the particular cascs s = 1 and 
.s = 5 we found that the fluid_^ pressure vanishcs for 
Po = — Tr^a-gr^ and po = — ^^^^^i r^, and take negative 

values for po < —-K'^a^r^ and po < — ^^^j^yi r^, respec- 
tively. 

In addition, a study of the WEC and dominant energy 
condition for all the specializations has been performed. 
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